Among the numerous yeast species, the members of the genus Hansenula have been intensively studied from the taxonomic and phylogenetic point of view. WICKERHAM (1) proposed a phylogenetic scheme representing the five evolutional directions from "primitive ancestors" of the genus Hansenula. On the other hand, similar schemes, other than that of VAN DER WALT (2) , have not been as yet postulated for the genus Pichia, which is discriminated from the genus Hansenula by the only character of inability to assimilate nitrate as a sole source of nitrogen.
Since an amendment of the definition of the genus Pichia to admit many species previously assigned to the genera Petasospora, Saccharomyces and Debaryomyces was set up by PHAFF (3) , this genus has been considered to be a large and complex one. Thus, systematic studies are necessary to clarify interrelationships among the species of this genus. In the previous work (4, 5) , the present authors investigated the coenzyme Q2 system of the basidiomycetous yeasts and yeast-like organisms such as rhodotorulae and cryptococci, and obtained several new informations on the classification of these organisms.
This paper deals with the species of the genera Hansenula and Pichia, and of the related genera Citeromyces, Pachysolen, and Wingea.
MATERIALS AND METHODS

Microorganisms.
One hundred and twenty-eight cultures of the ascosporogenous yeast representing 65 species and 3 varieties were used for this experiment, which belong to the genera Hansenula, Pichia, Citeromyces, Pachysolen, and Wingea. The sources of these cultures are listed in Tables 1 and  2 .
Cultivation o f microorganisms.
For the isolation and identification of Co-Q, the microorganisms were grown as shaking cultures, as described in the previous paper (4) . A culture medium of ca. 300 ml or less was enough to provide the preparations of Co-Q, because these organisms generally showed a vigorous growth and produced a considerable amount of this quinone.
Reagents and chemicals. Authentic preparations of Co-Q series were isolated from the intact cells of Rhodotorula glutinis RF 3 (IFO 0395) (Q10), Rh, glutinis RF 15 (IFO 0880) (Q9), and Rh. infirmo-miniata RF 47 (IFO 1378) (Q8) (4) . A mixture of Co-Q8 and -Q7 was obtained from the "intermediate" strain IFO 3245 (6) . Coenzyme Qg was supplied by the Sigma Chemical Co., U.S.A. Other reagents and chemicals used here were commercial preparations.
Extraction and isolation of coenzyme Q. Coenzyme Q's of the cultures to be examined were extracted and partially purified as described in the previous papers (4, 5) . When the intact cells of 1.5-2.5 g in dry weight were saponified, an addition of 20 g of sodium hydroxide and 3-5 g of pyrogallol appeared to give the maximum yield of Co-Q under the condition described.
Paper chromatography. In order to determine the type of Co-Q, the reversed-phase chromatography was carried out with four different solvent systems (4) . Strips of Toyo Roshi No. 50 filter paper were impregnated with 2.5% petrolatum (w/w) in toluene or 3% silicone (w/w) in chloroform.
Assay of coenzyme Q. The quantitative determination of Co-Q was made 2 The abbreviations used here for coenzyme Q or ubiquinone are :
Q ; Co-Qn or Qn with n denoting a specified number of isoprene units in viz., Co-Q10 or Q10i etc.
Co-Q, coenzyme the side chain; Taxonomy   (III)   193 by the modified method of Craven test after PAGE et al. ( 7 ) . The developing blue color, when mixed with ethyl cyanoacetate and potassium hydroxide, was read with a Hitachi 139 spectrophotometer at 620 nm with a light path of 1 cm.
RESULTS
Coenzyme Q system in the genera Hansenula, Citeromyces, and Pachysolen
The genus Hansenula, in which 60 strains consisting of 27 species and 2 varieties were examined for the determination of Co-Q system, was characterized as a group possessing Co-Q7 other than two species, H, holstii and H. capsulata (Table 1 ). These two species belonged to the organisms with Co-Q8, together with Cit. matritensis and Pa, tannophilus, both of which are now classified as the only species in the respective genera.
Coenzyme Q system in the genera Pichia and Wingea As shown in Table 2 , three different kinds of Co-Q, Q7, Q8 and Q9, were found in the genus Pichia, in which 62 strains representing 32 species and 1 variety were examined, so that the genus was re-confirmed to be one of the most complicated genera, as suggested by other investigators.
The Co-Q7 system, which is dominantly distributed in this genus, was postulated as an additional evidence to combine the genus Pichia with the genus Hansenula from the phylogenetic point of view, though the two genera were discriminated from each other by the nitrate-assimilating capacity. The Co-Q9 system was found in P, fayinosa, P. haplophila, several species of the guilliermondii group, and all the members of the "round-spored" Pichia such as P, vini and P.
polymorpha. The guilliermondii group described by KREGER-VAN Ru (8) was, thus, divided into two subgroups which comprise the organisms with Co-Q7 and with Co-Q9. Pichia pastoris was the only species in this genus with Co-Q8. Wingea robertsii (P, robertsii) has Co-Q9. Crystallization and identification of coenzyme Q isolated from yeast cells
In order to determine the type of Co-Q unequivocally, the crystalline quinones were prepared and examined.
The yellowish orange-colored substances were obtained by the method described in the previous paper (4, 5) . The infrared, ultraviolet, and mass spectra of these isolated substances coincided with those of Co-Q series (4, 5) , and the following melting points were observed : For Co-Q7, 29.5-30.5° (6.9 mg of Co-Q from 74 g of the dry cells of H. anomaly HJ 32), 29.6-30.6° (2.0 mg from 32 g of P. membranaefaciens PJ 1) ; for Co-Qs, 37.0-38.0° (4.9 mg from 68 g of H. holstii HJ 29) ; for Co-Q9, 42.4-42.9° (2.6 mg from 52 g of P, polymorpha PJ 12). These data indicated that the method using paper chromatography with four different solvent systems was not defective for the determination of the type of Co-Q.
Content of coenzyme Q in yeast cells
On the basis of the modified method of Craven test proposed by PAGE et al. (7), the quinone content in the yeast cells of H. anomaly HJ 32 was estimated.
With a Hitachi 139 spectrophotometer, the optical density of the blue color was read at 620 nm, and the quinone content was calculated as 0.36 mg of Co-Q7 per g of dry cells (0.54 pmole/g) from three separate determinations.
DISCUSSION
The genus Hansenula and the related organisms.
The genus Hansenula was regarded as a group with Co-Q7 from the fact that most of the species of this genus including the type H. anomaly were found to possess such a quinone system. Accordingly, most of the positions on the lines 1-5 of the phylogenetic scheme of WICKERHAM recently revised (1) were occupied by the Co-Q7 possessors other than the most primitive species on the lines 1 and 2, H, capsulata and H, holstii, both of which likewise contained Co-Q3 (Fig.  1) . KREGER-VAN RIJ (9) recognized two species, H, platypodis and H, beckii, Table  2 .
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of Co-Q in Yeast Taxonomy   (III)   197 which were classified into the members of the genus Hansenula by WICKER-HAM (10), as Endomycopsis platypodis and E. bispora, respectively. The Co-Q systems of both species as well as of E. muscicola (11) were found identical with that dominantly distributed in the genus Hansenula, so that these species would be better to be transferred to this genus in spite of the abundancy of true mycelia. TSUCHIYA et al. (12, 13 ) postulated a new system for the yeast classification using the antigenic structures of yeasts and yeast-like organisms. They set up the serogroup VI, which consists of only the Hansenula species and which is characterized by the group-specific antigens 16 and 14. More recently, TSUCHIYA (14) supplemented several additional Hansenula yeasts such as H. minuta and H. canadensis representing the antigenic structure 1, 5.... in the serogroup VI. This antigenic structure is characteristic in the species of the genus Pichia.
Noteworthy is that all the members of the serogroup VI possessed the Co-Q7 system without any exception, and that the exceptional two species, H. capsulata and H, holstii loading the Co-Q8 system were excluded from the serogroup VI, because of their distinctive antigenic structures (Table 3 ). According to the recently revised system (14) of TSUCHIYA, H. capsulata, the most primitive species on the line 1, has the antigenic structure, 1, 5, 11, 12, 47, 2, 3, 4 , and is classified into a separate group. This struc- In contrast, the unique Co-Q system of H. holstii, which was classified in the serogroup IV together with Debaryomyces castellii, Deb. cantarellii, and some of Torulopsis and Candida species, was reasonable in view of its serological characteristics. SPENCER et al. (15, 16) divided the members of the genus Hansenula into 5 groups on the basis of the similarity of proton magnetic resonance (PMR) spectra of cell-wall mannans (Table 4) . Their groups I, II, III, and V comprised only organisms with Co-Q7. On the other hand, their group IV represented two kinds of Co-Q (Q7 and Q8), indicating a somewhat heterogeneous nature of this group. Of the three species included in their group IV or H, holstii group, H. holstii and H, capsulata possessed the Co-Q$ system, but the remaining species, H. cali fornica evolving more highly on the line 1 (1), was found to have Co-Q7. Such a duality found in this group was suggested by the use of serological characteristics proposed by TSUCHIYA (14) and by the diversity in GC content postulated by NAKASE and KOMAGATA (17, 18) .
Recently, NAKASE and KOMAGATA (18) reported five "natural" groupings of the genus Hansenula based on GC content in combination with serological characteristics, PMR spectra of cell-wall mannans, and other criteria used in the present yeast classification.
All the members in these 5 groups consisted of the organisms with Co-Q7. The exclusion of H, holstii and H. capsulata from the 5 groups, though the latter was related to the group 5 (18), was assumed to be pertinent considering the Co-Q system.
Furthermore, noteworthy is that H, wickerhamii, whose PMR spectrum showed a (Continued) characteristic two-peaked profile as observed in H, minuta and H, angusta (H. polymorpha) (15, 16), had the Co-Q7 system.3 These results obtained by the PMR spectrum and the Co-Q system of H. wickerhamii suggested that this species should not be placed at a more primitive position common to the lines 1, 3, and 5, but might be placed at a more evolved one than presently done. Concerning "more primitive species than now known," namely, an ancestor of the genus Hansenula speculated by WICKERHAM (1), such an organism must be loading the same Co-Q system as found in H, capsulata, H, holstii, Cit, matritensis, and Pa, tannophilus (Q5).
The genus Pichia and the related organisms.
Since the genus Pichia rewas s This species had , other than Co-Q,, a very small amount of detected by paper chromatography.
Co-Q8, whose presence SPENCER presented three kinds of quinone, this genus was re-confirmed to be a complex and heterogeneous one. The Co-Q system dominantly distributed in this genus was, however, Co-Q7, which was found identical with that of the most members of the genus Hansenula. In fact, the former genus is often compared with the latter, because the two genera are discriminated from one another by the only character of assimilation of nitrate as a sole source of nitrogen.
KODAMA (19 ) classified the genus Pichia into 5 groups on the basis of spore forms. Generally, his groups 1, 4, and 5 were composed of the Co-Q7 possessors, while his groups 2 and 3, the spores of which were recognized as spherical or oval in shape with or without slight ledge, were composed of the Co-Q9 possessors such as P, vini and P, farinosa, except for P. membranaefaciens. KREGER-VAN Rij ( 8 ) reported several groups concerning the genus Pichia, based on ploidy, homothallism or heterothallism, and the shape of ascospores.
Of her six groups, the first group including P, salictaria-P, dispora and representing the characters of haploid, homothallic, and spores with a ledge exhibited three kinds of Co-Q (Table 5 ). This suggests the heterogeneous nature of this group. It is of interest that the fourth group comprising only "round -spored pichiae" was characterized by the Co-Q9 system , and that the last one or the so-called guilliermondii group consisting of P, guilliermondii-P. scolyti, which was considered to have some relationships to the genus Endomycopsis, was divided into two subgroups from the view-point of the Co-Q system. The first subgroup composed of P, strasburgensis, P. rhodanensis, and P. wickerhamii was defined as the Co-Q7 possessors, while the other subgroup consisting of P. guilliermondii, P, ohmeri, and P. scolyti was designated as the Co-Q9 possessors.
The remaining groups, i.e., the groups 2, 3, and 4 revealed only the Co-Q7 system, so far tested. These results indicate that the genus Pichia is assumed to include different organisms with distinctive phylogenetic origins. B0IDIN et al. (2D) also studied the genus Pichia. They excluded the round-spored pichiae from the genus Pichia, but they included the nitratenegative Endomycopsis species such as E. fibuligera, E. chodatii (E, burtonii), and E. fasciculata (E. monospora).
Thus, they set up three groups from the members of true Pichia characteristic of their hat-or saturn-shaped ascospores ; "guilliermondii-fibuligera," "pi jperi pini," and "membranaefaciens." Their first group was further divided into two subgroups, "guilliermondii" and "fibuligera ." It was notable from the view-point of the Co-Q system that the first subgroup, "guilliermondii" included the Co-Q9 possessors, and the second subgroup "fibuligera" the organisms with Co-Q7 (Table 6 ). However, two exceptions were found in P, burtonii (E. burtonii) and P. fibuligera (E, fibuligera), both of which were likewise classified in the genus Endomycopsis (9) , so that these two subgroups had a contaminant in each. Another kind of heterogeneity in these subgroups was also pointed out by NAKASE and KOMAGATA (21) on the basis of GC content.
According to these authors (21), P.
rhodanensis in the second subgroup exhibited the highest GC value of 50.2%, which was extremely higher than those of the other species of the genus Pichia. It is of interest that P, rhodanensis, though it has the highest GC value among the Pichia yeasts, carries the Co-Q7 system which is proper to the genus Pichia.
Of the Pi jperi pini group, P, pastoris was the only species with Co-Q8. The other species of this group showed the Co-Q7 system. BOIDIN and ABADIE (22) created a new genus Petasospora, which consisted of Pet. rhodanensis, Pet, pastoris, Pet, pini, Pet, chambardii, and Pet, strasburgensis. Furthermore, B0IDIN et al. (20) reported that P. pastoris was closely related to P, trehalophila and P, pini (P. pinus). The Co-Q system of the former species was, however, found to be different from that of the latter two species. Consequently, P. pastoris is assumed to occupy a peculiar position in the classification of these organisms.
Of the membranaefaciens group, a different kind of the Co-Q system was observed in two species, P. haplophila and P. farinosa, whose Co-Q systems were consistent with that of the round-spored Pichia.
The polymorpha group was, on the other hand, characterized as having the only quinone system of Co-Q9, suggesting that this group was rather a well-defined one. Thus, the three groups mentioned above, guilliermondiifibuligera, pi jperi pini, and menabranaefaciens, had a contaminant(s) with a different kind(s) of Co-Q system. NAKASE and KOMAGATA (21) examined GC content of the genus Pichia, and the discussion was made on the respective members of this genus from the results of the DNA base composition.
As shown in Fig. 2 , the organisms with Co-Q9 and with Co-Q8, both of which were not considered to be the proper and specific quinone system in the genus Pichia, were arranged in a range from 36 to 45% of GC value. This range was the most important from the taxonomic point of view, because many species of this genus were con- centrated in this region. This fact reveals the usefulness of the Co-Q system in the classification of the members of the genus Pichia, as is also their DNA base composition. SPENCER and GORIN (15) classified the members of the genus Pichia into 5 groups according to the PMR spectra of their cell-wall mannans.
The relation of their grouping to the GC content and to the Co-Q system is listed in Table 7 . Based on the Co-Q system, several discrepancies are pointed out in their groups Ia, IIIa, IIIc, and V. In their group Ia, P, quercuum was the only species with Co-Q7. It is notable that P. farinosa and P. haplophila, in spite of the fact that their spore forms were reported to be saturn-and hatshaped, respectively ( 8 ), agreed well with some of the round-spored Piclaia, in representing the PMR spectra similar to each other. As P. zeylanoides (C. zeylanoides), on which NAKASE and KOMAGATA ( 21) postulated the extremely higher GC value of 55%, has the Co-Q9 system, that is identical with those of the other three species of the group Ic. The group II is composed of the organisms with the system of Co-Q7, on which NAKASE and KOMAGATA ( 21) pointed out the heterogeneity in GC content. The variation in GC content between the two species, P. rhodanensis and P, ohmeri, whose Co-Q system did not agree with each other, of the group IIIa was calculated as 8%, indicating a heterogeneous nature in view of the GC content as well as the Co-Q system.
The two species of the group IIIc, P, pastoris and P, toletana, which have a similar GC value, had different kinds of Co-Q system. The remaining four species, other than C. natalensis included in the groups IV and V, have the Co-Q7 system. Thus, the classification by the Co-Q system of the genus Pichia appears to have a very close relationship to that based on a certain fine structure of the cell surface such as the PMR spectra of cell-wall mannans.
PONCET (23) divided the Pichia yeasts except for the round-spored pichiae into three groups according to factor analyses.
Her group A including P. rhodanensis, P. fibuligera (E. fibuligera), P. guilliermondii, etc., exhibited three kinds of quinone, Co-Q7, -Q8, and -Q9. Such a complexity in the Co-Q system was also found in her groups B and C ; i.e., P, pi jperi (Q7), P, pastoris (Q8), etc., in the group B and P, trehalophila (Q7), P. farinosa (Q9), etc., in the group C. These facts suggest that the factor analyses concerning only the phenotypical characteristics such as fermentation and assimilation of carbon sources are not sufficient to discuss the natural relationships among the Pichia yeasts, as pointed out by NAKASE and KOMAGATA (21) . TSUCHIYA et al. (12, 13) and TSUCHIYA (14) arranged several Pichia species in the serogroup III. As shown in Table 3 , this group comprises the organisms with three different kinds of the Co-Q system, distinct from the serogroup VI which is composed of only the members of the genus Hansenula. The organisms with such unique Co-Q systems (Q8 and Q9) are assumed to Table   7 . (Continued) have different antigenic structures, as illustrated as follows : P. farinosa (Q9), 1, 29, 2, 3, 4 ; S. pastori (P. pastoris) (Q8), 1, 25..... ; H. capsulata (Q8), 1, 5, ... 2, 3, 4. Hansenula angusta (H. polymorpha), whose Co-Q system was found to be Q7, appears not to have the antigens 2, 3, 4, inconsistent with those of H. capsulata (Q8). However, there has been too few in the Pichia yeasts serologically investigated to compare their antigenic structures with other criteria such as the DNA base composition, the PMR spectra of cellwall mannans, and the Co-Q system.
Considering the results and the discussion iterated above, it seems that the genus Pichia is a complicated genus, and the organisms with Co-Q7 and with Co-Q9 are distinct from one another in their phylogenetic origin. Thus, the present authors' opinion is that such members of the genus Pichia possessing the Co-Q9 system would be better to be excluded from this genus, which is presently composed of the yeast species with several spore forms, viz., hat-or saturn-shaped and round ascospores. On the contrary, further investigations may be necessary to determine whether or not the species with the Co-Q5 system such as H. capsulata, H, holstii, and P. pastoris should be excluded from the respective genera.
In any case, it is apparent that extensive studies are required to clarify the natural relationship among the species presently included in this ambiguous genus. 
